Laser can precisely deliver quantitative energy to a desired region in a non-contact way. Since it can stimulate regions and minutely control parameters such as the intensity, duration and frequency of stimulus, laser is often used for the areas such as low power laser treatment and clinical physiology. This study proposes simulation using pulse diode laser with reliable output and identifies laser parameters that can present a variety of somesthesis. It is found that typically, as frequency and energy increase, the ratio of feeling senses increases, and dominant sense moves from the sense of heat through tactile sense to pain. This study will be baseline data for studies of the sense of heat, tactile sense and pain, contribute to studying neurophysiology sector and be applied to basic clinical research.
Introduction
For many decades, laser technology has developed in many fields such as industry, biology, and medicine because of the unique characteristic of the laser [1, 2] . As an acronym of Light Amplification by Stimulated Emission of Radiation, laser is a very special light source. Laser can emit 'artificial light with even direction, phase and wavelength' differentiated from natural light, and based on this characteristic, it is used in many applications. Specifically, it is used in a wide range of industries covering: 1) Optical communications area using optical characteristics; 2) Medical areas such as disease monitoring, low level laser therapy and Photo Dynamic Therapy (PDT) [3] ; 3) Nanotechnology area separating chemical bonding; and 4) Precision machine tools like diamond processing etc [4] .
Laser has a merit that it does not have any direct contact with the skin when it presents a stimulus. Thus, laser is often used in a study of nociceptor and has a non-contact characteristic, and it can present somesthesis in a safe state while maintaining its own characteristic [5] . Especially, the method using laser can present a certain stimulus in the right place repeatedly and has a very high stimulus resolution [6, 7] . Thus, it can be used in the areas of the senses of heat or pain, or cell stimulus experiment [8] [9] [10] [11] [12] . After the incidence of laser beam into the skin, the optical energy distribution in the skin changes by optical coefficients such as absorption coefficient, scattering coefficient, refractive index, and anisotropy factor [13] . Laser acts as an energy source, and the energy that has come into the skin tissue is converted to thermal energy by thermal transfer coefficients (conductivity, heat capacity, convective coefficients, and emissivity of the tissue), the temperature increases in the living body, and the heat is transferred to the surrounding tissues. At this time, thermos receptive detects thermal sensation, the repetition rate of action potential begins to increase at about 30 and keeps increasing up to about 45 . At over 45 , the repetition rate decreases rapidly, and from this time, action potential of temperature-related thermal nociceptor begins to be generated, and it is perceived from warm and hot to scalding, which is classified into the area of pain [14, 15] . Previously, there are methods of presenting the sense of heat, such as one using peltier module; one using high frequency stimulator; and one using heat stimulator. To look into each, peltier module produces the sense of heat stimulus according to the magnitude of the voltage, but the temperature should be compensated with an analog temperature sensor, and there is a limit in producing thermal sensation presented modules in a free form. A high frequency stimulator generates heat as the molecules vibrate with the addition of electric energy by abrasion, but sparks may occur and the method of use is complicated. In addition, heat stimulation consists of a thermal stimulator at a constant temperature, but the size of stimulus is not controlled, so it has a demerit that it is difficult to deliver thermal stimulus to regions. Current technology for tactile stimulus presentation uses mechanical, electrical or thermal tactile stimulator, so it has a limit in quantitatively controlling parameters such as the intensity, presenting area and duration of stimulus precisely.
Thus, this study conducts the experiment using diode laser with stable output, and of which the laser parameters can be changed precisely. This study aims to identify tactile sense using in a non-contact method. Based on this, the laser energy by which the senses of heat and pain feel is presented, and the tendency is observed. This study identifies the range causing tactile sense by changing various laser parameters such as energy, frequency and beam diameter. This study has a merit that it is noncontacting, and it can quantitatively control stimulus by controlling energy per unit pulse. It is judged that this study will contribute to studying the senses of heat and pain in clinical area or neurophysiology sector. Figure 1 shows the laser used in the experiment, a fiber coupled diode laser system (PearlTMTKS-B, nLight Photonics Corp., Santa Clara, CA), with a merit that it is easy to control various laser parameters. Fiber core diameter is 400 μm, and Numerical Aperture (NA) is 0.22. Wavelength is 809 nm; pulse width (Full-Width at Half-Maximum: FWHM) is varying from 10 μs to CW; repetition rate is < 12.5 kHz; and maximum output peak power is 35 W. The laser beam delivered to optical fiber is diverged according to the core diameter and NA of the optical fiber, so it is constructed such that the beam can be easily operated using a collimating lens. Beam diameter is precisely controlled so that it is focused on the finger by using a convex lens (f = 38.1 mm) and a 3-axis translation stage. Laser pulse energy and pulse width can be measured with a pyroelectric energy detector (818E-05-12-L, Newport, Irvine, CA) and an energy meter (1918-R, Newport, Irvine, CA), respectively, and the beam diameter is measured using a beam profiler (SP620U, Ophir Optronics Inc., Danvers, MA) at the position of the finger to which the laser is irradiated. Table 1 is the one that summarizes the experiment variables. Subjects consist of 20 persons, 14 males and 6 females, who are all right-handed. The subjects cannot perceive that the stimulating device is laser, and the distribution of their age ranges between 19 and 25. Laser energy (150 μJ ~ 307 μJ) was irradiated, and pulse width was fixed at 10 μs. The episode time of laser irradiation was 5 sec at a frequency of 1 kHz ~ 5.5 kHz and the subjects' tactile responses were recorded. This experiment was approved by the Institutional Review Board at Konkuk University (7001355-201408-HR-032). Figure 2 shows the experimental setup for laser tactile stimulation. In checking the tactile responses, the subjects were asked a question regarding what it felt and asked to deliver their feelings freely. The experiment used black tents at four corners, and used white noise to cut off external senses such as vision and auditory sense, so that they could focus on their tactile sense only. Also, the subjects were not allowed to perceive the equipment that would provide stimulus was a laser in advance, and a fake stimulus was inserted randomly between the laser stimuli, and by checking if the subjects could perceive that when no actual stimulus was given, the experiment was conducted only when they could differentiate the fake stimulus accurately. In addition, the beam diameter was changed from 0.46 mm to 6.7 mm, so that the responses with the beam diameter could be checked. Table 2 shows the behavioral responses by the energy and frequency change when the beam diameter is 0.46 mm. The result of experiment showed the section that more than 50% of subjects felt sense by changing the frequency and energy. The subjects did not feel any sense when the frequency was the period of less than 1 kHz. The inner numerical value of Table 2 shows the ratio (Ratio of adding all sense of heat, tactile, pain) that the subjects felt the senses, and in the range that more than 50% of subjects felt sense, the most dominant sense was marked by color. The tactile means the mechanical feeling but the sense of heat nor pain, and the subjects expressed it as pricking, stinging, pressing etc.
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The part filled with yellow is the area of the dominant sense of heat, and the part filled with green color is the area of the dominant sense of tactile, and the part filled with red means the area of dominant pain. In the same energy, the higher frequency shows the more rate of sense increased, and the most of sense was shown in the order of heat, tactile, and pain. Most of the subjects who answered tactile in the result of experiment expressed pricking, and there were stinging, pressing etc. as the other tactile response. In most of the cases, when the energy increase in the same frequency condition, the ratio of sense increased, and equally, when the frequency increased in the same energy condition, the ratio of sense increased as well. Particularly, most of subjects answered the pain when the energy was more than 258 μJ, and the frequency was more than 4 kHz. Table 3 shows the result of experiment about the sense of heat, tactile, and pain in the condition with different beam diameter. Table 3 (a) shows the experiment result when the beam diameter was 0.46 mm, Table 3 (b) shows the experiment result when the beam diameter was 1.86 mm, and Table  3 (c) shows the experiment result when the beam diameter was 6.7 mm. The purpose of the experiment by increasing beam diameter is to examine the effect of energy density change. When the beam diameter is 0.46 mm as the experiment condition, there was no dominant sense area under the No sense of more than 50% Sense of more than 50% Heat Tactile  Pain Table 3 Laser parameter condition when the sense of heat, tactile, pain appear frequency 3 kHz (see Table 2 ). Therefore, the additional experiment was conducted in the frequency range of more than 3 kHz, and more experiments were conducted at 5 kHz and 5.5 kHz. By comparing Tables 3(a) and 3(b), Table 3 (b) shows the similar tendency as Table 3 (a), but when the energy and frequency change, as the beam diameter is bigger, the ratio of sense is decreased in most of the sense area (for example: looking at 4 kHz and 4.5 kHz data when the energy is 150 μJ, there was shown 45% and 40% of response rate in the beam diameter 0.46 mm, but there was shown 25% and 30% of response rate in beam diameter 1.86 mm). In addition, comparing Tables 3(a) and 3(b), in the same energy and frequency condition, as the beam diameter increases, the areas of dominant tactile changed into the areas of dominant sense of heat area (for example: looking at the 4 kHz and 4.5 kHz data when the energy is 245 μJ, the areas of dominant tactile in the beam diameter
No sense of more than 50% Sense of more than 50% Heat Tactile Pain 0.46 mm changed into the areas of dominant sense of heat in the beam diameter 1.86 mm).
In addition, when the beam diameter was 6.7 mm, there was no area that more than 50% of subjects felt tactile in the same energy and frequency condition of the beam diameter 0.46 mm and 1.86 mm. In general, the more energy increases, the ratio of sense increased in the same frequency condition. This phenomenon is considered because of that the bigger beam diameter causes the smaller energy density of laser beam. In addition, it could be seen that when the energy and frequency increased, the pain response rate increased as well. Figure 3 is for examining the subject's response ratio due to frequency and energy change. As the diagrammatic result, Figure 3(a) shows the subjects' response in the frequency area condition of 3 kHz ~ 4.5 kHz when the beam diameter was 0.46 mm, Figure 3(b) shows the subjects' response in the frequency area condition of 3 kHz ~ 4.5 kHz when the beam diameter was 1.86 mm, and Figure 3(c) shows the subjects' response in the frequency area condition of 3 kHz ~ 4.5 kHz when the beam diameter was 6.7 mm. Looking at the result, it can be seen that when the beam diameter increases, the tactile response decreases. This phenomenon is considered that the decrease of energy density can cause the decrease of the temperature rise and the possibility of the receptor's action potential for feeling sense of heat, tactile, or pain. In other words, it can present the different feelings by the beam diameter change in the same energy and frequency condition through the laser. Figure 4 shows the sense response by the change of energy when the frequency was fixed in 4.5 kHz. Figure 4(a) shows the result of the subjects' response by the energy change when the beam diameter was 0.46 mm, Figure 4(b) shows the result of the subjects' response by the energy change when the beam diameter was 1.86 mm, Figure 4(c) shows the result of the subjects' response by the energy change when the beam diameter was 6.7 mm. In the result of experiment, the subjects who answered that felt the tactile and pain more when the energy increased. It could be seen when the energy increased, the ratio of tactile and pain increased as well in the beam diameter was 0.46 mm. But in the same energy, the beam diameter increased as 1.86 mm and 6.7 mm, so it could be seen that if the energy density decrease, the ratio of sense of heat will increase than tactile, and the response rate of pain will decrease. In other words, when the energy density decreases, the sense of heat than the tactile, the tactile than pain will increase in ratio. It is considered as the result of change in the temperature rise due to the change of absorption energy inside tissue by energy density difference.
Conclusion
This study found the approximate threshold of the senses that could be presented with laser by changing its various parameters and identified tactile responses. As a result of an experiment, frequency and energy increased, the ratio of feeling senses increased, and the dominant sense moved from the sense of heat through tactile sense to pain. Most senses generated by laser were accompanied by the sense of heat, and it felt from warm, got hot, and subject perceived it stinging or painful. At the same energy and frequency, the ratio of feeling senses decreased as the beam diameter increased.
It is judged that this phenomenon appeared as the ratio of temperature rise became low since the less energy density of the laser beam became. It was also found that there was a tendency with bigger beam diameter in which the areas with dominant tactile sense almost disappeared while many areas with the dominant sense of heat appeared. In the future, in order to find the sense of heat sensitivity by each part of the human body, an in-depth study would be necessary, and this paper will be the baseline data for studies of the senses of heat, tactile and pain, by adjusting frequency and energy, contribute to studying neurophysiology sector, and be applied to the basic clinical research etc.
